Retaining Wall Calculations - Detailed Report

REFERENCES

CALCULATIONS

RESULTS

INPUTS:
Stem:
Layer Height Base width Top width Front offset Back offset
1| 1862 0.254 0.254 0.000 0.000
Stem total height: Haem = 1.862 m.
Footing:
Base thickness: Hpsse = 0.254 m
Toe width: Wie = 1.41 m
Heel width: Whee = 0.914 m
Key width: Wiey = 0.51 m
Key height: Hyey = 0.17 m.
Key offset: Offsetrey = 0 m
Soil:
Substructure:

Layer Height Unit weight Friction angle Allowable pressure Soil-concrete friction Name
m kN/m® ° kPa
1| 1.000| 19.000| 33.000 100.000 0.550| Loam
Active:
Layer Height Unit weight Friction angle Cohesion Inclination Name
m kN /m? ° kPa °
1| 2.814| 19.000| 33.000 - 30.000 | Medium Clay
Total active soil height: Hye, active = 2.813698 m
Passive:
Layer Height Unit weight Friction angle Cohesion Name
m kN/m* ° kPa
1] 0.:506] 19.000 | 33.000 -] sand
Total passive soil height: Hyoil, passive = 0.506 m
Loads:
Active:
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Load Ild Type Magnitude Length Start pos.
kN m m
1| uniform | 1920 1055]  0.000

Notes:

1. All the calculated forces, pressures, distributed loads and design results are for a unitary (1 m) strip of the wall.

Principles of
Foundation
Engineering, Braja
Das, 7th Ed. - Egn.
7.19

Principles of
Foundation
Engineering, Braja
Das, 7th Ed. - Egn.
7.61

SOIL PROPERTIES:

Active soil:

Rankine active earth pressure coefficient Simplified for the case of inclined Granular Backfill with Vertical Back Face K,,,l

€08(Csoil active ) — \/ €082 (Csoil active ) — COSZ{Psoil active, 1)

Ku,l = cos(asm'l active ) .
€08{ Qo active ) + \/ 082 (Ctgoit active ) — COSZ (Psoil active, 1))

cos(30 °) — 4/cos?(30 °) — cos?(33 °)
cos(30 °) + 4/cos?(30 7) — cos?(33 7))

= 0.52034

K,1 =cos(30 °) -

Equivalent Rankine active earth pressure coefficient Equivalent Rankine earth pressure coefficient for all the layers K

_ ZKn,i * hl

K,
o H, soil, active

_ 1464l m

= RaTm 0.52034

Ka*
Note: User must validate that wall rotation is sufficient to justify K5 < 1.0.

Passive soil:
Rankine passive earth pressure coefficient Kp,l

¢soil passive, 1

Kp1 = tan® (45 *+ 5

)

Kp1 = tan® (45 *+ T) = 3.3921

Note: User must validate that wall rotation is sufficient to justify Kp > 1.0.

The Reinforced
Concrete Design
Handbook, ACI SP-
.2

17(14), Vol

ACTING FORCES:
Vertical forces:

Self-weight of the structure:
Stem wall weight: P = Yeoncrete, stem * Vatem = 23.58 kN/m? . 0.47295 m® = 11.152 kN

Base weight: P = Yoonerete, footing * Viase = 23.58 kN/m? - 0.65481 m® = 15.44 kN

Key Weight: P = Yomrete, faoting * Viey = 23.58 kN/m3 - 0.0867 m® = 2.0444 kN

Self-weight of the soil:

Pictive, 1 = Ysoil active, 1 * Vaoil active, 1 = 19 kN/m?® . 1.943 m® = 36.917 kN
Total active soil weight: Paeive = 36.917495 kN

Ppassive, 1 = Ysoil passive, 1 * Vsoil passive, 1 = 19 kN/Il:l3 - 0.11562 m® = 2.1968 kN
Total passive soil weight: Ppessive = 2.19678 kN
Vertical component of the pressure from retained soil:

1 .
Py = Py, 1 vert) * Haoit active, 1 + 5 * Vool active, 1 * H iy aetive, 1 * 1 1+ K1+ $In(Ctaci active )

P =0kN/m!-2.8137 m + % -19 kN/m? - 2.8137 m? - 1 m - 0.52034 - sin(30 °) = 19.567 kN
Total vertical active pressure: Py retgined (verticaty = 19.567365 kN

Superimposed loads resultants:

Surcharge resultant (uniform): Py = Qactive, 1 * Lactive, 1 = 1.92 kN/m1 - 1.0554 m = 2.0264 kN
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Vertical soil pressure due to superimposed loads:

Surcharge pressure (vertical): P,mfm,,’ vertical,l — Qactive, 1 * H,,,i,’ active * Kas - s'm(a,,,n mu)
Pniform, verticaln = 1.92 kN/m1 - 2.8137 m - 0.52034 - sin(30 °) = 1.4055 kN

Total vertical force downwards: Y Poerticat = 90.750473 kN

Horizontal forces:

Rankine active force
Rankine Active horizontal resultant force per unit length, due to retained earth
P., retained, horizontat,l = Pb, 1 * Haoil active, 1 + & * Yoot active, 1 * (Hlaoit active, 1)2 1 M+ Ky1 + COS(Ctsoit active )
Py, retained, horizontal,l =0 kN/m1 +2.8137m + % -19 kN/m3 - (2.8137 m)2 -1 m-0.52034 - cos(30 °) = 33.892 kN
Total horizontal force (active soil): Py, retained, horizontal = 33.89167 kN
Rankine active force
Rankine Active horizontal resultant force per unit length, due to superimposed loads

P, uniform, horizontal,l = Qactive, 1 * Haoil, active * Kas * €08(Qisoil active )
Py, uniform, horizontatn = 1.92 kN/m? - 2.8137 m - 0.52034 - cos(30 °) = 2.4344 kN

Total horizontal force leftwards: Y Phorizontal leftwards = 306.326076 kN
Rankine passive force
Horizontal Rankine passive resultant force per unit length
Poy = Py, 1 - Huoit passive, 1 + & * Yaoit passive, 1 * (Hlaoil passive, 1)2 - 1m - Kpy
P,y = 0kN/m! - 0.506 m + % -19 kN/m? - (0.506 m)? - 1 m - 3.3921 = 8.2508 kN
Total horizontal force (passive soil): P, = 8.250796 kN
Total horizontal force rightwards: Y, Piorizontal rightwards = 8.250796 kN

STABILITY CHECKS:
Overturning:
Restoring moment

The self-weight of the retaining wall and the soil, the distributed load above the heel, the passive soil weight and its
associated horizontal pressure, if considered, tend to counteract the overturning moment. Moments taken about the
front edge of base (toe):

M=P-diger
Moment Force, P Lever,d Moment, M
/kN,anN m kKN - m
Stem wall 11.152 1.537 17.141
Base 15.440 1.289 19.903
Key 2.044 0.255 0.521
Active soil weight (layer 1) 36.917 2.140 79.000
Passive soil weight (layer 1) 2.197 0.705 1.549
Surcharge (load 1) 2.026 2121 4.298
Vertical active soil pressure (all layers) 19.567 2.578 50.445
Vertical surcharge soil pressure (load 1) 1.406 2.578 3.623
Passive pressure (layer 1) 8.251 -0.001 -0.011

Total restoring moment: Y Mg = 176.468577 kN * m

Overturning moment

The horizontal components of the active soil lateral pressure tend to overturn the retaining wall about the front edge
of the base (toe):

M = P dieyer
Moment Force, P Lever,d Moment, M
/N, 17N m kN -m
Active pressure (layer 1) 33.892 0.768 26.025
Surcharge earth pressure 2.434 1.237 3.011

Total overturning moment: Mory = 29.036386 kN * m
Stability requirement against overturning

Factor of safety F§

M
Fs = 2Mr
Morm
OVERTURNING:
Fg = LGATENm o orrn > o PASS
29.036 kNm FS: 6.08
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The Reinforced
Concrete Design
Handbook, ACI SP-
17(14), Vol. 2

Bearing:

Soil Pressure Resultant Distance

To calculate soil pressure, the location of the vertical resultant force must be determined.

Soil pressure resultant distance a

o= 176.47 kNm — 29.036 kNm

> Mgp — Morm
a=""—-: -
> Poertical

= 1.6246 m

Soil pressure resultant eccentricity e

Uplift check

’ 2.578 m

90.75 kN

Wiase

—a

e—|

— 1.6246 m‘ = 0.33559 m

Check if the resultant falls within the middle third of the base.

Whase _
6 =

Applied soil pressure distribution

Minimum soil pressure Gioe

Geoe

2.5780 m

6 =043 m >e=0.336m

_ 3 Potca _(1 6-e)

Wba,e-lm - Wbagg

Gtoe

Maximum soil pressure gpeet

qh”l:Wbue'lm'

Gl = 5578 m

__ 90.75 kN _ 6-0.33559m
"~ 2578 m-

90.75 kN ( 6 - 0.33559 m

A1m

) = 7.7077 kPa

1m 2.578 m

> Puertical 6-e
1+ Wbau

2578 m ) = 62.696 kPa

Stability requirement against bearing capacity failure

Factor of safety F.S

FS

Sliding:
Horizontal frictional resisting force

Soil-soil friction coefficient tspii—soil, passive

_ Qsoil sub, 1
Qheel

FS

100 kPa

= ——=1. > 1.
62.696 kPa 1595 2 1.5

Hsoil—soil, passive = 580 (Psoil passive, 1)

Hsoil—soil, passive = tan (33 °) = 0.64941

Soil-soil friction coefficient tsoi—sosl, sub

Yhsoil—soil, sub = tan(Paoit sub, 1)

Hhsoil—soit, sup = tan(33 °) = 0.64941

Vertical soil pressure at key start grey, start

Qrey, start = Qtoe + Ghe
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W . (Wbuae - OE&etkey)

UPLIFT CHECK 1:
PASS
Ratio: 0.781

UPLIFT CHECK 2:
PASS
Value: 7.71 > 0

BEARING: PASS
FS: 1.59




The Reinforced
Concrete Design
Handbook, ACI SP-
17(14), Vol. 2

62.696 kPa — 7.7077 kPa
2,578 m

Ghey, start = 17077 kPa + -(2.578 m — 0 m) = 62.696 kPa

Vertical soil pressure at key end Gkey, end

Qrey, end = Gtoe + qM;Vba hoe (Whase — Offsetrey — Wiey )

62.696 kPa — 7.7077 kPa
2578 m

Ghey, end = T.7077 kPa + - (2578 m — 0 m — 0.51 m) = 51.818 kPa

Vertical soil pressure resultant before key mez, passive

+
Prertical, passive. = w - Offset ey
62.696 kPa + 62.696 kPa
Puert"ml, passive — 9 -0m=0kN/m1

Vertical soil pressure resultant on key -Puerts'ml, Fey

Qhey, start + Qhey, end

2 " Wkey

Pvcrﬁcal, key =

62.696 kPa + 51.818 kPa

Pertical, key = 3 +0.51 m = 29.201 kN/m!
Vertical soil pressure resultant after key Preptical, active
Ghey, end + Qtoe
Pvcrtl'cal, active — f - (Wbau — Offsetk,,, — Wkey)

1.818 kPa + 7.7077 kP
Prortica, acive = 2on® a; 7077 kP2 | (3578 m — 0 m — 0.51 m) = 61549 kN/m!

Horizontal frictional resisting force considering passive contribution with shear key present EuP + P,,

Z ﬂP + I)p = Hsoil—concrete sub, 1 * Pvertiaal, key + Hsoil—soil, passive ° Pverh’ml, passive T Isoil—concrete active, 1 * Pvertiml, active + Pp

) uP + B, = 0.55 - 29.201 kN/m" + 0.64941 - 0 kN/m" + 0.5 - 61.549 kN/m" + 8.2508 kN = 55.086 kN

Total horizontal acting force
3" Puovizontal leftwards = 36.326076 kN
Stability requirement against sliding

Factor of safety F§

P + P,
FS = D ?
37 Phorizontal leftuwards
55.086 kN
=22 . > 1.
FS 36.326 KN 1.5164 > 1.5

SLIDING: PASS
FS: 1.52
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